The old wives tale of an 'inside lining' protecting the stomach wall against acid retains a certain intuitive appeal, which has found refuge in the concept of a gastric mucosal barrier to the back-diffusion of hydrogen ions. Preference for a physical barrier arose from the many fundamental physiological studies of Horace Davenport and coworkers in the 1950s-1970s,' 2 and offered many theoretical advantages over alternative mechanisms proposed for mucosal protection. 3 Davenport envisaged the gastric mucosal barrier as distinct from the mucus layer -or mucus/bicarbonate blanket4 -which, arguably, offers inadequate protection because refined mucus is too permeable to hydrogen ions while mucus is absent from the extremely corrosive environment of the oxyntic duct and sparse, if not absent,5 from considerable areas of the lumen of the stomach, especially in certain monogastric mammals such as the dog. Hydrophobicity A striking property of the stomach wall is its hydrophobicity as witnessed when the present writer placed a droplet of water on the luminal surface of canine mucosa rinsed free of gastric contents to find that it 'beaded up', as though placed on Polythene, rather than spontaneously wetting the surface as anticipated on a hydrophilic mucoid layer. It was even more interesting to find that this hydrophobicity, as quantified by the contact-angle (0) made by the droplet on the surface, was largely eliminated by the major 'barrier breakers' -that is, bile salts, ethanol, and aspirin.6 Northfield and his group have subsequently used 0 as a quantifiable clinical index of active gastritis and one still viable even if the barrier breaker is Helicobacter pylori.7
Surfactant adsorption This raises the question of what substance might be transforming the hydrophilic mucoid layer into a surface so hydrophobic that the contact angle in many normal stomachs can exceed 90°-that is, approaching that of Polythene (93) or Teflon (1080). In the physical sciences such transformations are routinely effected by the adsorption (binding) of synthetic surfactants (see Figure (A) ) when many of their adsorbed layers are much exploited commercially for the protection that they afford the surface against corrosion.8 For instance, the 'underseal' protecting a motorcar against rusting is provided by a hydrophobic monomolecular layer (monolayer) of a synthetic surfactant, the visible coating being applied simply to protect that monolayer from abrasion by sand and stones.
It was the realisation9 that many of the synthetic surfactants used as 'corrosion inhibitors' had similar chemical structures to dipalmitoyl phosphatidylcholine (DPPC) -that is, the surface active component of lung surfactant -which led this writer to perform the hydrophobicity test described above. About that time phospholipid had been discovered in a predominantly saturated form (including DPPC) in gastric juice and in 'light scrapings' from the stomach wall,'0 later confirming its composition" and surface activity.6 Morphology If surface active phospholipid (SAPL) provides the outermost layer of the gastric mucosa it is not surprising that electronmicroscopy failed to demonstrate a gastric mucosal barrier when using conventional aldehyde fixatives as these, and glutaraldehyde in particular, destroy hydrophobic surfaces.'2 Substituting tannic acid, it was possible to demonstrate an oligolamellar layer of SAPL on the luminal surface, displaying its characteristic interlaminar spacing of about 45 A'3 while Lichtenberger's group demonstrated SAPL in similar locations using iodoplatinate fixation.'4 They also demonstrated almost the same hydrophobicity however much they rinsed the mucosal surface,'5 indicating the ability of the hydrophobic lining to coalesce and reform.
The most exciting finding to this writer was the many'0'4 layers of SAPL coating the epithelial surface of oxyntic ducts'3 as these surfaces are mucus free yet exposed to a particularly corrosive environment in which pepsinogen has been secreted from chief cells to mix with HCI at a pH of 1. The source of the SAPL seems to be lamellar bodies found in parietal cells and mucus neck cells'3 16 with some reported in chief cells.'6 Lamellar bodies are unequivocally the form in which SAPL is produced in the lung. 17 Surface mucus is interesting because the many classic studies of the Slomianys have established the cytoprotective effect of phospholipid and the reduced permeability to hydrogen ions that it can impart to mucus. '8-20 Our studies would agree with that finding but, with such a very low solubility of DPPC in the aqueous environment, amounting to a critical micelle concentration of only 5x 10-10 molar,2' it is this writer's contention that the SAPL is present largely as the intergranular matrix Leading articles express the views of the author and not those of the editor and editorial board. material of unsecreted mucus,22 which, in any case, provides the major resistance to hydrogen ions diffusing from the lumen of the stomach to the vital organelles of surface mucus cells.20 Just a monolayer of SAPL adsorbed to a filter paper decreases its permeability to hydrogen ions by an order of magnitude.23 Thus unsecreted mucus is effectively a number of mini-barriers of SAPL in series,22 which explains why the pH gradient seems to be effectively continuous24 and why mucus offers less resistance to acid and becomes less viscous the more it is 'refined',4 refinement removing the insoluble intergranular matrix of SAPL.
In interpreting electronmicrographs it is always prudent to be aware of possible artefacts. Although the formation of oligolamellar layers of SAPL is not one of those normally listed,25 there must be much SAPL present for these lamellations to form even if they are artefact; although epifluorescense microscopy would tend to confirm their reality. 13 Helicobacter pylori These ultrastructural studies have been extended to the parasites that can survive in the highly corrosive environment of the stomach. Thus it was interesting to find some evidence of oligolamellar SAPL on the cuticle of the Barber's Pole worm, which thrives in the abomasum of Australian sheep, and essentially the same coating on H pylon.26 It is similar to SAPL found on the cuticles of many creatures, including the cockroach27 -which is difficult to kill because droplets of any aqueous insecticide simply 'bounce off' those hydrophobic creatures unless a wetting agent is incorporated. Gastric mucus is also a wetting agent28 and this could stabilise the surfactant layer on the gastric mucosa by reducing the surface energy of what is otherwise ( Figure C) 4 Hence it is easy to envisage the synergisms that occur between them as they all erode the same barrier, eventually permitting the back diffusion of sufficient acid to produce a gastric ulcer. An interesting exception is H pylori, which might be expected to function as a barrier breaker by secreting phospholipase A2, which is found in abundance in these bacteria35 and is very effective in digesting SAPL. The aggresive capability of lysates of H pylori on SAPL layers has been demonstrated recently.36 Thus H pylori might ingest SAPL,26 but would refrain from secreting phospholipase for fear of compromising their own defence against acid as outlined above, possibly explaining why so few gastric ulcers are associated with these bacteria. Another fascinating aspect of H pylori is why these bacteria are not found in the duodenum where they do cause ulcers.37 Upon entering the duodenum they would encounter bile which, as a very effective barrier breaker, would remove their protective coating of SAPL, causing them to distintegrate and deposit their 'package' of potent enzymes.26 It is also interesting that no synergism between H pylori and other barrier breakers seems to have been reported and this may indicate a compromise between the synergism expected and the capability of other barrier breakers to remove their defence against acid, thus destroying them. This argument is consistent with the reduced prevalence of these bacteria in patients using NSAIDs. 38 
Lubrication
If the gastric mucosal barrier is provided by surfactant, then the same basic metabolic deficiency that predisposes the subject to gastritis could also compromise the same oligolamellar structure of ubiquitous SAPL elsewhere in the body,39 whether its functions are barrier-like or lubrication. Thus it is interesting that patients with peptic ulcer displayed impaired pulmonary function. 40 (Figure (B) ) -'pulls' the outwardly orientated fatty acid chains together and, since these are straight (saturated), they will pack tightly into a very cohesive hydrocarbon barrier to water (Figure (C) ) and, hence, to the hydrogen ion.23 54 In any aqueous environment these are never H' (a proton) but H(H20)3.55 This compact barrier structure would be dislocated if the surfactant molecules were to lose one alkyl chain, explaining why lysolecithin is such an effective barrier breaker. Binding to SAPL could also be one of the reasons why gold and aluminium are not taken up in the circulation -which is fortunate in view of their neurotoxic effects when delivered intraveneously. A similar role for bismuth is possible.
Thus the concept of a gastric mucosal barrier of tightly packed hydrocarbon chains provided by surfactant molecules bound to the surface by their polar ends offers a simple physical model for an 'inside lining' based on principles well accepted in the physical sciences,8 34 together with an explanation for the hydrophobic nature of the normal gastric mucosa and many aspects of mucosal protection. 
